ABSTRACT: A family of modularly designed chiral bis-1,3,2-diazaphospholidines with N-aryl substituents (NP-PN) is reported. These compounds have been prepared in two steps from readily available (R,R)-1,2-diaminocyclohexane and tetrachlorodiphosphines. Examples in the set differ in the backbone and the aryl substituents aiming at their application in asymmetric catalysis. Thus, [Rh(NBD)(NP-PN)]BF 4 complexes lead to active catalysts in the hydrogenation
4
At this respect, a problem arises from the poorly defined position of R substituents in B, due to the expectedly easy nitrogen inversion. This aspect has successfully been circumvented by the use of bridgehead N atoms in ESPHOS (C) 7 and related diaminophosphite ligands. 8 In contrast, an arrested N inversion in B could rely on an steric interaction between appropriate R and R'
groups. Some precedents suggest the feasibility of this approach. For instance, the group of Tsuji has described an efficient Pd catalyst based on secondary aryl diamines with chiral backbones. 9 On the other hand, Pfaltz and coworkers have described highly enantioselective Ir phosphineoxazoline catalysts containing N-aryl diazaphospholidine fragments. 10 In this contribution we describe the synthesis of the first bis-1,3,2-diazaphospholidine ligands bearing N-aryl substituents, along with preliminary catalytic results which include a highly enantioselective hydrogenation reaction.
As the starting diamine scaffold, trans-1,2-cyclohexanediamine was chosen because it is readily available in both enantiomers and can easily be arylated to provide a wide variety of chiral secondary amines. [9] [10] [11] Among the latter phenyl (1a) and p-tolyl (1b) diamines, were selected as representative examples and reacted with commercially available tetrachlorodiphosphines, in the presence of an excess of NEt 3 (Scheme 1). These reactions provide a family of bis-1,3,2-diazaphospholidines 2-4, which differ in the nature of the backbone. In contrast with the reaction between secondary aliphatic amines with 1,2-bis(dichlorophosphino)ethane, 6b the generation of the present bis-diazaphospholidines is slow at room temperature and a prolonged heating is needed to reach a good conversion. For instance, reaction between 1a and 1,2-bis(dichlorophosphino)benzene shows at room temperature the formation of the intermediate mono diazaphospholidine compound (P-P', Figure 2 ), characterized by two doublets centered at 104 and 154 ppm with a J PP coupling constant of 151 the singlet of desired compound 3a started to grow as the very predominant product.
Interestingly, this reaction is rather clean and shows a high conversion. However, in order to guarantee the elimination of reactive phosphorus chloride impurities, the resulting mixture was purified through neutral alumina with some decrease in the yield of isolated 3a. In order to estimate the donor properties of this family of ligands, the reaction between 3a and
Se has been performed. This reaction produces the corresponding diselenophosphine 5a which appears as a singlet at 73. 12 However, the N-aryl fragments in 3a reduce the σ-donor ability of 2a, compared with N-alkyl 1,3,2-diazaphospholidines, 13 and make it comparable with that provided by structurally related diaminophosphites. 14 To provide information about the structural features of the diazaphospholidine fragment in compounds 2-4, a representative example (4b) has been characterized by X-ray crystallography ( Figure 4 ). The structure of this compound clearly shows the presence of the two phosphorus heterocycles, each fused with a cyclohexane ring in a chair conformation. Most interesting aspect regards the anti position of the N-aryl substituents, defined by C(7) and C (14), relative to the cyclohexane carbons C(6) and C(3), respectively. On the other hand, the sum of the bond angles involving the nitrogen atoms amount 342.1º [ΣN (1) We have next examined the coordination of ligands 2 and 3 in cationic rhodium complexes. 
Scheme 2. Preparation of Rh complexes 6-7.
It is important to note that upon coordination of ligands 2-4, different structures for complexes 6 and 7 are possible due to nitrogen inversion (a-c, Figure 3) . Interestingly, these structures differ on the steric interaction between the Ar substituents and the cyclohexane fragment and in the To investigate the ability of the present bis-diazaphospholidine ligands in inducing enantioselectivity in a catalytic process, their performance in representative asymmetric hydrogenation and hydroformylation reactions has been examined. First, compounds 6 and 7 have been tested in the hydrogenation of methyl acetamido acrylate (Eq 1, Table 1 ). Under mild conditions, 4 bar of hydrogen and room temperature, these compounds lead to active catalysts able to complete reactions at S/C = 100 in 24 h. A comparison between catalysts indicates that those bearing a benzene backbone afforded better enantioselectivities. Of them the Ph substituted complex 7a gave a good value of 96 % ee (entry 3). On the other hand, a preliminar study of the utility of ligands 2-3 in the asymmetric hydroformylation of vinyl acetate as a representative reaction has also been performed (Eq 2, Table 2 ). Reactions were performed at Rh/L = 1 at 50 ºC and 10 atm of H 2 /CO (1:1) mixture.
These reactions showed high conversions with the exception of catalyst based on 3a, which provided a moderate conversion (73 % conv, entry 3). Catalysts showed a high regioselectivity, with branched to linear ratio higher than 98:2. In contrast, enantioselectivities were only moderate and among the catalysts tested, that based on ligand 2a provided the best value (65 % ee, entry 1). 
